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Introduction {#jah31986-sec-0004}
============

Despite several decades of decline, cardiovascular disease (CVD) remains the leading cause of death and disability in the United States.[1](#jah31986-bib-0001){ref-type="ref"} The American Heart Association\'s (AHA) 2020 Strategic Goals include improving the cardiovascular health of the US population by 20% while reducing deaths from CVD and stroke by 20%.[2](#jah31986-bib-0002){ref-type="ref"} To assess progress in reaching this goal, the AHA developed the Life\'s Simple 7 (LS7) metric. LS7 is a composite measure of cardiovascular health based on cigarette smoking, physical activity, diet, body mass index (BMI), blood pressure (BP), cholesterol, and glucose.[2](#jah31986-bib-0002){ref-type="ref"}

Most of the growth in healthcare spending over the past 2 decades has been linked to modifiable risk factors including several components of LS7.[3](#jah31986-bib-0003){ref-type="ref"}, [4](#jah31986-bib-0004){ref-type="ref"} CVD is a major contributor to healthcare utilization and expenditures, particularly among older adults.[5](#jah31986-bib-0005){ref-type="ref"}, [6](#jah31986-bib-0006){ref-type="ref"} The medical expenditures associated with CVD in the United States were estimated to be \$320 billion in 2011 and are projected to increase almost 3‐fold by 2030.[1](#jah31986-bib-0001){ref-type="ref"} Given these projections, it is important to identify modifiable risk factors that contribute to healthcare utilization and expenditures. We hypothesized that a better cardiovascular health profile would be associated with lower rates of health service utilization and healthcare expenditures. To test this hypothesis, we analyzed the association between LS7 and healthcare utilization and expenditures using data from REasons for Geographic And Racial Differences in Stroke (REGARDS) study participants with Medicare coverage.

Methods {#jah31986-sec-0005}
=======

Study Participants and Data Collection {#jah31986-sec-0006}
--------------------------------------

The REGARDS study enrolled a population‐based sample of community‐dwelling US adults to examine reasons for higher risk for stroke mortality among blacks compared with whites and residents of the southeastern United States compared with the rest of the contiguous United States.[7](#jah31986-bib-0007){ref-type="ref"} Overall, 30 239 black and white adults were enrolled between January 2003 and October 2007. By design, REGARDS oversampled blacks and residents from the Southeastern United States, commonly referred to as the stroke belt. REGARDS study participants' data were linked to Medicare claims using social security number with matches confirmed using sex and date of birth.[8](#jah31986-bib-0008){ref-type="ref"}

We restricted the current analysis to REGARDS study participants ≥65 years of age at the time of their baseline in‐home study visit who did not have electrocardiogram evidence of a previous myocardial infarction (MI) and did not self‐report a previous stroke, MI, or coronary revascularization procedure. The analyses were further restricted to participants who were alive with continuous Medicare fee‐for‐service coverage including Parts A (inpatient acute care) and B (outpatient) for at least 1 year after their baseline REGARDS study visit. Medicare is a federally administered program in the United States that provides health insurance for adults 65 years of age or older and those under 65 years who are permanently disabled or have end‐stage renal disease (ESRD).[9](#jah31986-bib-0009){ref-type="ref"} We restricted the analyses to participants 65 years of age or older because Medicare‐eligible adults under 65 years of age differ from the general population by socioeconomic status, medical comorbidities, and types and amounts of healthcare services utilized.[10](#jah31986-bib-0010){ref-type="ref"} Complete claims data are not available for beneficiaries enrolled in Medicare Advantage plans (Medicare Part C). Therefore, we excluded participants with Medicare Part C coverage at any time during the year following their baseline study visit. After these criteria were applied, 6262 participants were included in the analyses ([Figure](#jah31986-fig-0001){ref-type="fig"}). All participants provided written informed consent, and the REGARDS study was approved by institutional review boards of all participating centers and included permission to link data with Medicare claims.

![Flowchart showing the inclusion and exclusion criteria for the current analysis of Life\'s Simple 7 and healthcare utilization and expenditures among REGARDS study participants. BMI indicates body mass index; BP, blood pressure; MI, myocardial infarction; REGARDS, REasons for Geographic And Racial Differences in Stroke. See Xie et al[8](#jah31986-bib-0008){ref-type="ref"} for additional details on the linkage of REGARDS study participant data with Medicare claims.](JAH3-6-e005106-g001){#jah31986-fig-0001}

REGARDS study data were collected at baseline through a computer‐assisted telephone interview (CATI), an in‐home examination, and self‐administered questionnaires. The CATI was conducted by trained staff and used to obtain information on demographics (age, race, sex), socioeconomic factors (household income, education, and marital status), and medical history. After the telephone interview, trained health professionals conducted an in‐home study visit that included a physical examination, medication inventory, the collection of blood and urine samples, and an electrocardiogram. Self‐administered questionnaires were left with the participants to complete and return by mail.

Life\'s Simple 7 {#jah31986-sec-0007}
----------------

Cardiovascular health at baseline was assessed using the American Heart Association\'s Life\'s Simple 7 (LS7) metric, which includes 7 factors: cigarette smoking, physical activity, diet, BMI, BP, cholesterol, and glucose. Current and former smoking status and time since smoking cessation for former smokers were assessed during the CATI. Physical activity was assessed through a single question administered during the CATI "How many times per week do you engage in intense physical activity, enough to work up a sweat?" with response options of none, 1 to 3 times per week, and 4 or more times per week. Using a self‐administered Block 98 Food Frequency Questionnaire,[11](#jah31986-bib-0011){ref-type="ref"} each participant recorded food intake in the year prior to his in‐home visit. Dietary analysis was conducted by *NutritionQuest*. Using data from the Block 98 Food Frequency Questionnaire, we defined the diet score for the LS7 based on fish, fruit, and vegetable consumption and sodium, sugar, and fiber/carbohydrate ratio intake. BMI was calculated using height and weight measured with calibrated equipment during the in‐home study visit. The average systolic and diastolic BP, based on 2 measurements taken during the in‐home study visit, was used for all analyses. Total cholesterol and serum glucose were measured by colorimetric reflectance spectrophotometry using blood samples collected during the in‐home study visit. The use of antihypertensive, glucose‐lowering, and lipid‐lowering medication was determined by self‐report during the CATI. Table [1](#jah31986-tbl-0001){ref-type="table-wrap"} provides the definitions of poor, intermediate, and ideal status for each of the LS7 factors.

###### 

Definitions of Life\'s Simple 7 Poor, Intermediate, and Ideal Health Factors for Adults

  Metric                                                      Definition                                                                                                                                                 
  ----------------------------------------------------------- --------------------------- ------------------------------------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------------------
  Smoking                                                     Yes                         Former ≤12 months                                                                                                              Never or quit \>12 months
  BMI                                                         ≥30 kg/m^2^                 25 to 29.9 kg/m^2^                                                                                                             \<25 kg/m^2^
  Physical activity[a](#jah31986-note-0003){ref-type="fn"}    None                        1 to 149 min/week moderate intensity or 1 to 74 min/week vigorous intensity or 1 to 149 min/week moderate+vigorous intensity   ≥150 min/week moderate intensity or ≥75 min/week vigorous intensity or ≥150 min/week moderate+vigorous intensity
  Healthy diet score[b](#jah31986-note-0004){ref-type="fn"}   0 to 1 Components           2 to 3 Components                                                                                                              4 to 5 Components
  Total cholesterol                                           ≥240 mg/dL                  200 to 239 mg/dL or treated to the goal of \<200 mg/dL                                                                         \<200 mg/dL
  Blood pressure                                              SBP ≥140 or DBP ≥90 mm Hg   SBP 120 to 139 or DBP 80 to 89 mm Hg or treated to the goal of a SBP \<120 mm Hg and a DBP \<80 mm Hg                          SBP \<120 mm Hg and DBP \<80 mm Hg
  Fasting glucose                                             ≥126 mg/dL                  100 to 125 mg/dL or treated to the goal of \<100 mg/dL                                                                         \<100 mg/dL

BMI indicates body mass index; DBP, diastolic blood pressure; SBP, systolic blood pressure.

Modified for the REasons for Geographic And Racial Differences in Stroke (REGARDS) Study. Participants in REGARDS were asked "How many times per week do you engage in intense physical activity, enough to work up a sweat?" We defined ideal physical activity as a frequency of 4 or more times per week, intermediate as 1 to 3 times per week, and poor as none.

Modified for REGARDS. Responses to the Block Food Frequency Questionnaire were used for the "healthy diet score" that is based on how many components of the 5 diet goals are met. Fruits and vegetables ≥4.5 cups/day; fish 3.5 ounces ≥2 servings/week; sodium \<1500 mg/day; sweets/sugar‐sweetened beverages ≤450 kcal/week; whole grains (1.1 g of fiber in 10 g of carbohydrates), 1‐oz equivalent servings ≥3 servings/day.

Medicare Service Utilization and Expenditures {#jah31986-sec-0008}
---------------------------------------------

For the primary analysis, we used Medicare claims data for 1 year after each participant\'s REGARDS in‐home study visit. Acute inpatient encounters and expenditures (ie, hospital expenses) were identified using claims in Medicare inpatient files. We used claims in the Medicare outpatient and carrier files to identify outpatient encounters and expenditures. CVD‐related encounters (ie, inpatient and outpatient) and expenditures were defined as claims with the International Classification of Diseases, 9th Revision, Clinical Modification (ICD‐9‐CM) primary diagnosis codes 390 to 459 and 745 to 747.[1](#jah31986-bib-0001){ref-type="ref"} We did not include skilled nursing facilities, home health, and hospice care expenditures, as these data have not been obtained for all REGARDS study participants. Also, we did not analyze medication expenditures because most REGARDS study participants did not have Medicare Part D prescription drug coverage at baseline, as this program did not start until 2006.

Statistical Analyses {#jah31986-sec-0009}
--------------------

We calculated the total number of ideal LS7 factors for each participant. Because only a small number of participants had 0 (N=77), 6 (N=48), or 7 (N=0) ideal LS7 factors, we grouped participants with 0 or 1 and, separately, 5, 6, or 7 ideal LS7 factors. Baseline characteristics were calculated by number of ideal LS7 factors. Trends in baseline characteristics across number of ideal LS7 factors were analyzed using logistic regression for binary variables and linear regression for continuous variables.

We calculated the percentage of participants with inpatient and outpatient encounters in the year following their baseline in‐home visit by number of ideal LS7 factors. Calculations were performed separately for all‐cause and CVD‐related encounters. Poisson regression models with robust standard errors were used to estimate the relative risk (RR) and 95% CI for having any inpatient and outpatient encounters, and CVD‐related inpatient and outpatient encounters, in the year following baseline associated with 2, 3, 4, and 5 to 7 versus 0 to 1 ideal LS7 factors.[12](#jah31986-bib-0012){ref-type="ref"} In addition to the unadjusted model, we constructed a model including adjustment for age, race, sex, education, income, and marital status. RRs were estimated for the overall population and in analyses stratified by race and, separately, by sex. *P*‐trends for any inpatient and outpatient encounters were calculated by modeling the number of ideal LS7 factors as an ordinal variable.

We calculated the mean all‐cause and CVD‐related inpatient, outpatient, and total (ie, inpatient plus outpatient) healthcare expenditures and 95% CI in the year following baseline among REGARDS study participants with 0 to 1, 2, 3, 4, and 5 to 7 ideal LS7 factors. Two‐part regression models were used to estimate the mean cost difference for all‐cause and CVD‐related inpatient, outpatient, and total healthcare expenditures among participants with 2, 3, 4, and 5 to 7 versus 0 to 1 ideal LS7 factors. Specifically, part 1 incorporated a logistic regression determining the participant\'s probability of inpatient, outpatient, or both inpatient and outpatient expenditures; and in part 2, we ran a generalized linear model with a Γ distribution and log link to account for the skewed distribution of the expenditure data.[13](#jah31986-bib-0013){ref-type="ref"}, [14](#jah31986-bib-0014){ref-type="ref"} In addition to the unadjusted model, we conducted a model including multivariable adjustment for age, race, sex, education, income, and marital status. Mean cost differences were calculated for the overall population and stratified by race and, separately, by sex. *P*‐trends for mean cost differences were calculated by modeling the number of ideal LS7 factors as an ordinal variable. In a sensitivity analysis, annualized all‐cause and CVD‐related inpatient, outpatient, and total healthcare expenditures were calculated using all available claims from baseline through participants' death, loss of Medicare fee‐for‐service coverage, or December 31, 2013, whichever occurred first. Next, we estimated the reduction in inpatient, outpatient, and total expenditures if all fee‐for‐service Medicare beneficiaries ≥65 years of age had 5 to 7 ideal LS7 factors. First, we calculated inpatient and outpatient expenditures attributable to participants having 0 to 1, 2, 3, and 4 versus 5 to 7 ideal LS7 factors in the REGARDS study. For example, inpatient expenditures attributable to participants having 0 to 1 versus 5 to 7 ideal LS7 factors was calculated as the mean inpatient cost among participants with 0 to 1 ideal LS7 factors minus the mean inpatient cost among participants with 5 to 7 ideal LS7 factors, multiplied by the number of participants with 0 to 1 ideal LS7 factors. Second, we divided expenditures attributable to participants having 0 to 1, 2, 3, and 4 versus 5 to 7 ideal LS7 factors by the sum of all expenditures to calculate the attributable inpatient and outpatient cost percentage. Third, we calculated inpatient, outpatient, and total expenditures in 2014 for all Medicare beneficiaries ≥65 years of age without a history of CVD who had fee‐for‐service coverage for the entire calendar year using a 5% random sample. These costs were multiplied by 20 to estimate costs for 100% versus 5% of Medicare beneficiaries. Fourth, we multiplied 2014 Medicare inpatient and outpatient expenditures by the attributable inpatient and outpatient cost percentage from REGARDS to estimate the potential reduction in these expenditures if all fee‐for‐service beneficiaries ≥65 years of age without a history of CVD had 5 to 7 ideal LS7 factors. Potential reductions in Medicare inpatient and outpatient expenditures were summed to estimate the potential reduction in total Medicare expenditures in 2014. Bootstrapping was used to calculate 95% CIs. To account for inflation, all healthcare expenditures were adjusted to third quarter 2015 US dollars (USD) using price indices for the gross domestic product.[15](#jah31986-bib-0015){ref-type="ref"}

All analyses were conducted using multiple imputation in order to include REGARDS participants with missing data on income (N=874), education (N=3), and LS7 factors, including BMI (N=33), physical activity (N=114), diet (N=1403), total cholesterol (N=236), blood pressure (N=15), and fasting glucose (N=1075). Multiple imputation was conducted using chained equations to obtain 15 imputed data sets for each outcome of interest, separately.[16](#jah31986-bib-0016){ref-type="ref"}, [17](#jah31986-bib-0017){ref-type="ref"} All analyses were performed in Stata 13 (Stata Corp, College Station, TX) using a 2‐sided level of significance of α\<0.05.

Results {#jah31986-sec-0010}
=======

Participant Characteristics {#jah31986-sec-0011}
---------------------------

Overall, 17.2%, 31.1%, 29.0%, 16.4%, and 6.4% of participants had 0 to 1, 2, 3, 4, and 5 to 7 ideal LS7 factors, respectively. Participants with more ideal LS7 factors were older and less likely to be women, black, have an annual income less than \$20 000, less than a high school education, and be unmarried (Table [2](#jah31986-tbl-0002){ref-type="table-wrap"}).

###### 

Characteristics of REGARDS Participants ≥65 Years of Age Included in the Current Analysis by Number of Ideal Life\'s Simple 7 Factors

  Characteristics of Participants With Dietary Data   Number of Ideal Life\'s Simple 7 Factors[a](#jah31986-note-0006){ref-type="fn"}   *P* Trend[b](#jah31986-note-0007){ref-type="fn"}                                             
  --------------------------------------------------- --------------------------------------------------------------------------------- -------------------------------------------------- ------------- ------------- ------------- ---------
  Age, y (SE)                                         71.8 (0.17)                                                                       72.0 (0.13)                                        72.6 (0.14)   73.0 (0.20)   72.6 (0.30)   \<0.001
  Women                                               64.2%                                                                             57.8%                                              52.3%         51.9%         47.7%         \<0.001
  Black race                                          44.9%                                                                             36.2%                                              29.2%         20.9%         12.8%         \<0.001
  Annual income \<\$20 000                            31.7%                                                                             22.6%                                              20.8%         18.0%         14.0%         \<0.001
  Less than a high school education                   21.2%                                                                             15.2%                                              10.6%         8.9%          5.3%          \<0.001
  Unmarried                                           50.7%                                                                             44.4%                                              42.7%         38.4%         39.3%         \<0.001

Values are expressed as percentage or mean (SE). The absolute number of participants in each category of Life\'s Simple 7 factors was calculated as the average across multiple imputations and rounded to the closest integer number. REGARDS indicates REasons for Geographic And Racial Differences in Stroke; SE, standard error.

Life\'s Simple 7 factors include cigarette smoking, physical activity, diet, body mass index, blood pressure, cholesterol, and glucose, and ideal levels are defined in Table [1](#jah31986-tbl-0001){ref-type="table-wrap"}.

*P*‐trends on baseline characteristics across the number of ideal Life\'s Simple 7 factors were calculated using logistic regression for binary variables and linear regression for continuous variables.

Health Service Utilization {#jah31986-sec-0012}
--------------------------

Participants with more ideal LS7 factors were less likely to have all‐cause and CVD‐related inpatient encounters, and CVD‐related outpatient encounters in the year following their in‐home study visit (Table [3](#jah31986-tbl-0003){ref-type="table-wrap"}). The vast majority (\>95%) of participants had an all‐cause outpatient encounter regardless of the number of ideal LS7 factors. After multivariable adjustment, having more ideal LS7 factors was associated with a lower risk for having all‐cause and CVD‐related inpatient encounters and CVD‐related outpatient encounters. There was no association between the number of ideal LS7 factors and having an all‐cause outpatient encounter after multivariable adjustment. Results were similar for whites and blacks and men and women analyzed separately (Table S1). For example, the RR (95% CI) for an inpatient encounter associated with 5 to 7 versus 0 to 1 LS7 factors was 0.58 (0.41, 0.83) for whites, 0.32 (0.08, 1.36) for blacks, 0.53 (0.32, 0.86) for men, and 0.57 (0.36, 0.91) for women.

###### 

Relative Risks and 95% Confidence Intervals for All‐Cause and Cardiovascular Disease--Related Inpatient and Outpatient Encounters Over 1 Year of Follow‐Up by Number of Ideal Life\'s Simple 7 Factors

                                                                  Number of Ideal Life\'s Simple 7 Factors[a](#jah31986-note-0009){ref-type="fn"}   *P* Trend                                                                       
  --------------------------------------------------------------- --------------------------------------------------------------------------------- ------------------- ------------------- ------------------- ------------------- ---------
  All‐cause encounters                                                                                                                                                                                                              
  Inpatient, N (%)                                                197 (18.3%)                                                                       308 (15.8%)         234 (12.9%)         132 (12.9%)         41 (10.3%)          ---
  Unadjusted, RR (95% CI)                                         1.00 (Ref)                                                                        0.86 (0.71, 1.03)   0.70 (0.58, 0.83)   0.69 (0.56, 0.86)   0.55 (0.40, 0.77)   \<0.001
  Adjusted, RR (95% CI)                                           1.00 (Ref)                                                                        0.86 (0.72, 1.03)   0.69 (0.57, 0.82)   0.67 (0.54, 0.83)   0.55 (0.39, 0.76)   \<0.001
  Outpatient, N (%)                                               1045 (96.8%)                                                                      1876 (96.4%)        1760 (97.0%)        982 (95.9%)         390 (97.8%)         ---
  Unadjusted, RR (95% CI)                                         1.00 (Ref)                                                                        1.00 (0.98, 1.01)   1.00 (0.99, 1.02)   0.99 (0.97, 1.01)   1.01 (0.99, 1.03)   0.871
  Adjusted, RR (95% CI)                                           1.00 (Ref)                                                                        0.99 (0.98, 1.01)   1.00 (0.98, 1.01)   0.98 (0.96, 1.00)   1.00 (0.98, 1.02)   0.407
  CVD‐related encounters[b](#jah31986-note-0010){ref-type="fn"}                                                                                                                                                                     
  Inpatient, N (%)                                                56 (5.2%)                                                                         96 (4.9%)           74 (4.1%)           46 (4.5%)           6 (1.6%)            ---
  Unadjusted, RR (95% CI)                                         1.00 (Ref)                                                                        0.94 (0.67, 1.32)   0.78 (0.55, 1.11)   0.85 (0.57, 1.26)   0.29 (0.12, 0.70)   0.007
  Adjusted, RR (95% CI)                                           1.00 (Ref)                                                                        0.96 (0.68, 1.35)   0.79 (0.55, 1.13)   0.85 (0.57, 1.28)   0.31 (0.13, 0.73)   0.010
  Outpatient, N (%)                                               791 (73.3%)                                                                       1314 (67.5%)        1164 (64.2%)        592 (57.8%)         167 (41.9%)         ---
  Unadjusted, RR (95% CI)                                         1.00 (Ref)                                                                        0.92 (0.87, 0.97)   0.87 (0.83, 0.92)   0.79 (0.73, 0.84)   0.57 (0.50, 0.65)   \<0.001
  Adjusted, RR (95% CI)                                           1.00 (Ref)                                                                        0.93 (0.89, 0.98)   0.90 (0.85, 0.94)   0.81 (0.75, 0.87)   0.60 (0.53, 0.68)   \<0.001

Raw values were calculated for the unadjusted model; the estimated adjusted values were based on inclusion of age, race, sex, education, income, and marital status. The absolute number of participants and the number of participants with inpatient and outpatient encounters in each category of Life\'s Simple 7 factors was calculated as the average across multiple imputations and rounded to the closest integer number. CI indicates confidence interval; CVD, cardiovascular disease; RR, relative risk.

Life\'s Simple 7 factors include cigarette smoking, physical activity, diet, body mass index, blood pressure, cholesterol, and glucose and ideal levels are defined in Table [1](#jah31986-tbl-0001){ref-type="table-wrap"}.

CVD‐related healthcare encounters were defined as claims with the International Classification of Diseases, 9th Revision, Clinical Modification (ICD‐9‐CM) primary diagnosis codes 390 to 459 and 745 to 747.

Healthcare Expenditures {#jah31986-sec-0013}
-----------------------

Participants with more ideal LS7 factors had lower mean all‐cause inpatient, outpatient, and total expenditures in the year following baseline (Table [4](#jah31986-tbl-0004){ref-type="table-wrap"}). These associations remained present after multivariable adjustment. CVD‐related inpatient, outpatient, and total expenditures were lower among participants with more ideal LS7 factors in unadjusted and multivariable‐adjusted analyses (Table [5](#jah31986-tbl-0005){ref-type="table-wrap"}). Having more LS7 factors was associated with lower overall and CVD inpatient and outpatient expenditures among blacks and whites and men and women (Tables S2 and S3). For example, when participants with 5 to 7 are compared to those with 0 to 1 LS7 factors, adjusted mean cost differences (95% CI) for inpatient expenditures were −\$2067 (−\$3135, −\$999) for whites and −\$4114 (−\$6382, −\$1846) for blacks, −\$2014 (−\$3590, −\$438) for men and −\$2666 (−\$4189, −\$1143) for women.

###### 

Mean Cost and Cost Differences for All‐Cause Expenditures Over 1 Year of Follow‐Up by Number of Ideal Life\'s Simple 7 Factors

  Expenditures                               Number of Ideal Life\'s Simple 7 Factors[a](#jah31986-note-0012){ref-type="fn"}   *P* Trend                                                                                                          
  ------------------------------------------ --------------------------------------------------------------------------------- --------------------------- ---------------------------- ---------------------------- ---------------------------- ---------
  Inpatient, N (%)                           197 (18.3%)                                                                       308 (15.8%)                 234 (12.9%)                  132 (12.9%)                  41 (10.3%)                   ---
  Mean cost (95% CI)                         \$3995 (\$2944, \$5047)                                                           \$2799 (\$2237, \$3361)     \$2402 (\$1805, \$2998)      \$2140 (\$1623, \$2656)      \$1250 (\$760, \$1740)       ---
  Unadjusted mean cost difference (95% CI)   \$0 (Ref)                                                                         −\$1197 (−\$2302, −\$91)    −\$1594 (−\$2702, −\$486)    −\$1856 (−\$3001, −\$711)    −\$2745 (−\$3894, −\$1596)   \<0.001
  Adjusted mean cost difference (95% CI)     \$0 (Ref)                                                                         −\$1119 (−\$2152, −\$87)    −\$1471 (−\$2518, −\$424)    −\$1730 (−\$2840, −\$621)    −\$2551 (−\$3667, −\$1435)   \<0.001
  Outpatient, N (%)                          1045 (96.8%)                                                                      1876 (96.4%)                1760 (97.0%)                 982 (95.9%)                  390 (97.8%)                  ---
  Mean cost (95% CI)                         \$5166 (\$4626, \$5706)                                                           \$4310 (\$3972, \$4648)     \$3737 (\$3479, \$3996)      \$3652 (\$3313, \$3990)      \$2853 (\$2423, \$3282)      ---
  Unadjusted mean cost difference (95% CI)   \$0 (Ref)                                                                         −\$856 (−\$1449, −\$264)    −\$1428 (−\$1998, −\$859)    −\$1514 (−\$2137, −\$891)    −\$2313 (−\$2982, −\$1645)   \<0.001
  Adjusted mean cost difference (95% CI)     \$0 (Ref)                                                                         −\$891 (−\$1495, −\$287)    −\$1479 (−\$2060, −\$898)    −\$1639 (−\$2276, −\$1002)   −\$2410 (−\$3089, −\$1731)   \<0.001
  Total, N (%)                               1045 (96.8%)                                                                      1876 (96.4%)                1760 (97.0%)                 982 (95.9%)                  390 (97.8%)                  ---
  Mean cost (95% CI)                         \$9147 (\$7752, \$10 542)                                                         \$7117 (\$6338, \$7896)     \$6149 (\$5402, \$6897)      \$5771 (\$5031, \$6511)      \$4111 (\$3328, \$4894)      ---
  Unadjusted mean cost difference (95% CI)   \$0 (Ref)                                                                         −\$2030 (−\$3527, −\$533)   −\$2998 (−\$4463, −\$1532)   −\$3376 (−\$4896, −\$1856)   −\$5036 (−\$6599, −\$3474)   \<0.001
  Adjusted mean cost difference (95% CI)     \$0 (Ref)                                                                         −\$2002 (−\$3483, −\$520)   −\$2919 (−\$4384, −\$1454)   −\$3504 (−\$5028, −\$1980)   −\$5016 (−\$6577, −\$3454)   \<0.001

Expenditures were adjusted to third quarter 2015 US dollars using price indices for the GDP. Adjusted mean cost differences include adjustment for age, race, sex, education, income, and marital status. The absolute number of participants and the number of participants with inpatient, outpatient, and total encounters in each category of Life\'s Simple 7 factors was calculated as the average across multiple imputations and rounded to the closest integer number. CI indicates confidence interval; GDP, gross domestic product; SE, standard error. Separate imputations were conducted for inpatient, outpatient and total expenditures. Therefore, inpatient and outpatient expenditures do not sum exactly to the total expenditures.

Life\'s Simple 7 factors include cigarette smoking, physical activity, diet, body mass index, blood pressure, cholesterol, and glucose, and ideal levels are listed in Table [1](#jah31986-tbl-0001){ref-type="table-wrap"}.

###### 

Mean Cost and Cost Differences for Cardiovascular Disease Expenditures Over 1 Year of Follow‐Up by Number of Ideal Life\'s Simple 7 Factors

  Expenditures                                          Number of Ideal Life\'s Simple 7 Factors[a](#jah31986-note-0014){ref-type="fn"}   *P* Trend                                                                                                  
  ----------------------------------------------------- --------------------------------------------------------------------------------- ------------------------- ------------------------- -------------------------- --------------------------- ---------
  Inpatient, N (%)                                      56 (5.2%)                                                                         96 (4.9%)                 74 (4.1%)                 46 (4.5%)                  6 (1.6%)                    ---
  Mean cost (95% CI)                                    \$988 (\$640, \$1337)                                                             \$890 (\$632, \$1148)     \$688 (\$467, \$910)      \$627 (\$393, \$861)       \$174 (\$6, \$343)          ---
  Unadjusted mean cost difference (95% CI)              \$0 (Ref)                                                                         −\$98 (−\$539, \$342)     −\$300 (−\$717, \$117)    −\$362 (−\$798, \$75)      −\$814 (−\$1220, −\$409)    0.003
  Adjusted mean cost difference (95% CI)                \$0 (Ref)                                                                         −\$140 (−\$583, \$303)    −\$349 (−\$776, \$79)     −\$397 (−\$848, \$53)      −\$827 (−\$1253, −\$400)    0.002
  Outpatient, N (%)                                     791 (73.3%)                                                                       1314 (67.5%)              1164 (64.2%)              592 (57.8%)                167 (41.9%)                 ---
  Mean cost (95% CI)                                    \$617 (\$516, \$718)                                                              \$509 (\$447, \$570)      \$482 (\$415, \$549)      \$398 (\$332, \$464)       \$249 (\$163, \$335)        ---
  Unadjusted mean cost difference (95% CI)              \$0 (Ref)                                                                         −\$108 (−\$226, \$10)     −\$135 (−\$251, −\$19)    −\$219 (−\$342, −\$96)     −\$368 (−\$497, −\$239)     \<0.001
  Adjusted mean cost difference (95% CI)                \$0 (Ref)                                                                         −\$116 (−\$241, \$9)      −\$145 (−\$267, −\$22)    −\$238 (−\$368, −\$107)    −\$368 (−\$506, −\$229)     \<0.001
  Total,[b](#jah31986-note-0015){ref-type="fn"} N (%)   791 (73.3%)                                                                       1314 (67.5%)              1164 (64.2%)              592 (57.8%)                167 (41.9%)                 ---
  Mean cost (95% CI)                                    \$1602 (\$1184, \$2020)                                                           \$1403 (\$1102, \$1703)   \$1168 (\$908, \$1429)    \$1024 (\$741, \$1307)     \$423 (\$210, \$636)        ---
  Unadjusted mean cost difference (95% CI)              \$0 (Ref)                                                                         −\$199 (−\$714, \$316)    −\$433 (−\$922, \$55)     −\$578 (−\$1103, −\$53)    −\$1179 (−\$1664, −\$694)   \<0.001
  Adjusted mean cost difference (95% CI)                \$0 (Ref)                                                                         −\$298 (−\$847, \$251)    −\$553 (−\$1081, −\$25)   −\$709 (−\$1271, −\$147)   −\$1234 (−\$1771, −\$697)   \<0.001

Expenditures were adjusted to third quarter 2015 US dollars using price indices for the GDP. Adjusted mean cost differences include adjustment for age, race, sex, education, income, and marital status. The absolute number participants and the number of participants with inpatient, outpatient, and total encounters in each category of Life\'s Simple 7 factors was calculated as the average across multiple imputations and rounded to the closest integer number. CI indicates confidence interval; GDP, gross domestic product. Separate imputations were conducted for inpatient, outpatient and total expenditures. Therefore, inpatient and outpatient expenditures do not sum exactly to the total expenditures.

Life\'s Simple 7 factors include cigarette smoking, physical activity, diet, body mass index, blood pressure, cholesterol, and glucose, and ideal levels are listed in Table [1](#jah31986-tbl-0001){ref-type="table-wrap"}.

All participants included for calculation of total healthcare expenditures had an outpatient encounter.

Sensitivity Analysis {#jah31986-sec-0014}
--------------------

On the basis of all available Medicare claims after baseline (median follow‐up 6.9 years; maximum follow‐up 9.9 years), having more ideal LS7 factors was associated with lower all‐cause and CVD‐related inpatient, outpatient, and total healthcare expenditures (Tables S4 and S5). Having more ideal LS7 factors was associated with lower all‐cause and CVD‐related inpatient, outpatient, and total healthcare expenditures among blacks and whites and men and women (Tables S6 and S7).

Potential Cost Reduction Associated With Population‐Wide Achievement of 5 to 7 LS7 Factors {#jah31986-sec-0015}
------------------------------------------------------------------------------------------

Inpatient, outpatient, and total expenditures for Medicare beneficiaries ≥65 years old without CVD and with fee‐for‐service coverage in 2014 Medicare were 35.9, 73.9, and 109.8 billion USD, respectively (Table S8). The percentage of these expenditures attributable to not having 5 to 7 ideal LS7 factors for inpatient, outpatient, and total annual expenditures was 53.4%, 29.7%, and 37.5%, respectively. The potential annualized cost reductions were 19.2, 22.0, and 41.2 billion USD for inpatient, outpatient, and total expenditures, respectively, if all Medicare beneficiaries had 5 to 7 LS7 factors.

Discussion {#jah31986-sec-0016}
==========

In the current study of older, community‐dwelling US adults, having a higher number of ideal LS7 factors was associated with lower risk for all‐cause and CVD‐related inpatient encounters. Having more ideal LS7 factors was not associated with all‐cause outpatient encounters but was associated with lower risk for CVD‐related outpatient encounters. Additionally, participants with more ideal LS7 factors had lower all‐cause and CVD‐related inpatient, outpatient, and total healthcare expenditures. Better cardiovascular health defined by the LS7 score was associated with lower risk for all‐cause and CVD‐related inpatient encounters, CVD‐related outpatient encounters, and lower all‐cause and CVD‐related expenditures. Extension of estimates from the REGARDS study to all Medicare beneficiaries with fee‐for‐service coverage and no previous history of CVD demonstrated that having fewer than 5 to 7 ideal LS7 factors accounted for more than half of inpatient costs and \~30% of outpatient costs. Furthermore, we estimated that the achievement of ideal levels for 5 to 7 LS7 factors for the entire Medicare population could result in a total potential annualized cost reduction of 41.2 billion USD. The potential cost reduction associated with achieving 5 to 7 ideal LS7 factors is likely to be much greater, as we only considered inpatient and outpatient expenditures and restricted this analysis to beneficiaries with Medicare fee‐for‐service for the entire 2014 calendar year.

Cardiovascular health extends the concept of CVD beyond clinically evident disease and provides a framework for primordial prevention, including population‐level and high‐risk prevention approaches. Prior studies highlight the importance of cardiovascular health for disease prevention.[18](#jah31986-bib-0018){ref-type="ref"}, [19](#jah31986-bib-0019){ref-type="ref"} For example, in the Atherosclerosis Risk in Communities study, there was a graded association with lower risk for incident CVD among participants with progressively more ideal LS7 factors. The hazard ratio for incident CVD comparing participants with 5 and 6 versus 0 ideal LS7 factors was 0.18 (95% CI 0.14‐0.23) and 0.11 (95% CI 0.07‐0.17), respectively.[20](#jah31986-bib-0020){ref-type="ref"} Better cardiovascular health assessed by LS7 has also been associated with lower risks for several other outcomes including mortality,[21](#jah31986-bib-0021){ref-type="ref"}, [22](#jah31986-bib-0022){ref-type="ref"}, [23](#jah31986-bib-0023){ref-type="ref"} ESRD,[24](#jah31986-bib-0024){ref-type="ref"} stroke,[25](#jah31986-bib-0025){ref-type="ref"} cognitive impairment,[26](#jah31986-bib-0026){ref-type="ref"} diabetes,[27](#jah31986-bib-0027){ref-type="ref"} heart failure,[18](#jah31986-bib-0018){ref-type="ref"} and cancer.[28](#jah31986-bib-0028){ref-type="ref"} The current study extends these prior findings and demonstrates lower healthcare utilization and expenditures associated with having more ideal LS7 factors in a population free of CVD.

LS7 is being used by the AHA to track the cardiovascular health of the US population. When LS7 was introduced, the AHA statistics committee estimated a low prevalence of ideal factors including 73% for smoking, 45% for physical activity, less than 1% for diet, 33% for BMI, 42% for BP, 45% for total cholesterol, and 58% for glucose.[29](#jah31986-bib-0029){ref-type="ref"} Additionally, in 2005‐2006, only 18% of US adults had 6 or 7 ideal LS7 factors.[1](#jah31986-bib-0001){ref-type="ref"} Prior studies have estimated that 70% of CVD can be averted through the prevention of risk factors, including those that comprise LS7.[23](#jah31986-bib-0023){ref-type="ref"} Given the low prevalence of many LS7 factors, there is a tremendous opportunity to reduce not only CVD but also healthcare utilization and expenditures through population‐wide improvements aimed at improving cardiovascular health.

The association of individual CVD risk factors with healthcare expenditures has been evaluated in prior studies.[30](#jah31986-bib-0030){ref-type="ref"}, [31](#jah31986-bib-0031){ref-type="ref"}, [32](#jah31986-bib-0032){ref-type="ref"}, [33](#jah31986-bib-0033){ref-type="ref"}, [34](#jah31986-bib-0034){ref-type="ref"}, [35](#jah31986-bib-0035){ref-type="ref"}, [36](#jah31986-bib-0036){ref-type="ref"} Having low CVD risk in middle age was associated with Medicare expenditures later in life among 279 men and 298 women in the Chicago Heart Association Detection Project.[36](#jah31986-bib-0036){ref-type="ref"} Both men and women with low CVD risk (defined by systolic BP/diastolic BP \<120/80 mm Hg, serum cholesterol \<200 mg/dL, not currently smoking, no electrocardiographic abnormalities, no history of diabetes, and no history of MI) had lower all‐cause and CVD expenditures compared with their counterparts with higher CVD risk. In the Framingham Heart Study the association of cigarette smoking, systolic BP, and serum cholesterol with Medicare expenditures was examined among 1053 participants who attended the Exam 17 cycle in 1984‐1985. A graded association was present between having more CVD risk factors and higher Medicare expenditures in the 2 years following the examination. These studies were conducted using risk factor data collected in the 1960s and 1980s with cost data available from the 1980s and 1990s.

A few studies have examined cardiovascular health profiles and healthcare costs and resource utilization.[37](#jah31986-bib-0037){ref-type="ref"}, [38](#jah31986-bib-0038){ref-type="ref"} In the Cooper Center Longitudinal Study, investigators evaluated the association between midlife cardiovascular health and later‐life health care costs. In that single‐center cohort, which consisted predominantly of well‐educated whites, having more ideal cardiovascular health components in middle age was associated with lower non‐CVD and CVD healthcare costs in later life.[38](#jah31986-bib-0038){ref-type="ref"} Valero‐Elizondo and colleagues used the 2012 Medical Expenditure Panel Survey to examine cardiovascular risk profiles and associated healthcare expenditures and resource utilization.[37](#jah31986-bib-0037){ref-type="ref"} In that cohort of US adults with a mean age of 58.5 years, they found that a favorable cardiovascular risk profile was associated with lower healthcare expenditures and utilization.

The current analysis was restricted to older adults, a population that accounts for a disproportionate amount of healthcare resources.[39](#jah31986-bib-0039){ref-type="ref"} With the population over 65 years of age in the United States projected to double over the next 25 years,[40](#jah31986-bib-0040){ref-type="ref"} there is an emphasis on meeting population health goals and reducing the economic impact of healthcare expenditures, particularly in the Medicare program. An array of strategies have emerged to control the growth of healthcare costs and improve quality, including public reporting, pay for performance, accountable care organizations, bundled payments, and value‐based insurance design.[41](#jah31986-bib-0041){ref-type="ref"}, [42](#jah31986-bib-0042){ref-type="ref"}

Alongside these strategies, the data from the current study highlight potential economic benefits of improving cardiovascular health among older adults. Participants in the current study had similar insurance and access to health services. This demonstrates that even when access to health services is present, there are large differences in healthcare expenditures that appear to be related to behavioral and behavior‐related factors such as those that compose LS7. This finding is similar to that of Chetty and colleagues, who examined the association between income and life expectancy in the United States. They found that major explanations of differences in mortality by income were lifestyle behaviors, not health care access or environmental factors.[43](#jah31986-bib-0043){ref-type="ref"} Moreover, randomized controlled trials have demonstrated the benefits of multifaceted interventions (eg, smoking cessation, diet, and exercise) on improvements in risk factors and CVD risk.[44](#jah31986-bib-0044){ref-type="ref"}, [45](#jah31986-bib-0045){ref-type="ref"} Given the substantially higher healthcare utilization and costs among participants with worse cardiovascular health, the benefits of these interventions may extend to reduced healthcare utilization and costs. These results have broader implications for stakeholders to focus on population behaviors for improving health and reducing costs rather than changes in access to health services and insurance plan design.

The current study has several strengths. The REGARDS study enrolled a large sample of white and black adults from across the United States and included broad data collection allowing the assessment of cardiovascular health. Additionally, the linkage with Medicare claims allowed for the analysis of data on healthcare utilization and expenditures.[8](#jah31986-bib-0008){ref-type="ref"} However, the current analysis has several known and potential limitations. The current analysis was restricted to adults ≥65 years of age who live in community settings and not nursing homes. Although REGARDS participants ≥65 years have been shown to be representative of older community‐dwelling Medicare beneficiaries, the results of the current study may have limited generalizability to younger adults and nursing home residents.[8](#jah31986-bib-0008){ref-type="ref"} Data on diet were missing for a substantial percentage of study participants. Also, there is the possible misclassification of participants as LS7 factors were assessed on a single occasion. It is possible that better cardiovascular health is associated with other health behaviors not measured in the REGARDS study, and causal inferences should be made with caution.

In conclusion, more favorable cardiovascular health was associated with lower overall and CVD‐related inpatient encounters and CVD‐related outpatient encounters in this large national sample of black and white older adults. Additionally, better cardiovascular health was associated with lower inpatient, outpatient, and total healthcare expenditures. Improving cardiovascular health has the potential to reduce healthcare utilization and expenditures among US adults.
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